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Table   I.   Wavelengths   of absorption 
lines   of   the   first  series   at   T =  77.3°K 
and  T ~-  4.2°K. 

Physics Translated  from Doklady Akmlcmi i  Nauk .SiiSP,   92,   265-67   (1953) 

Excito'!«    i n   Cuprous   Oxide   Crystals 

at    the   Temperature   of   Liquid   lleliun    (4.2°K) 

Corresponding Membrr of   the USSR Academy cj Science  Ye.   F.   Gross, 

B.  P.   Zakharcbcnya,   and /V.  M.  Heinov 

Previous papers have described  the phenomena   observed during absorptic 

of  light   in  cuprous  oxide  crystals at   low  temperatures.  At   the   temperature 

of   liquid nitrogen   (7   •  77.3°K)  a hydrogenlike  series  of narrow absorption 
lines was   found '      which was  interpreted  as   the  optical  spectrum of the  ex - 

citon   in  the Cu20  lattice.   In  thinner plates  of cuprous  oxide  at T =  77.3°K 
a  second hydrogenlike  series of absorption   lines was   found"   on  the  short- 
wave  side  of  the   first   series.   We  at- 
tributed   the  origin of the  second se- 
ries  also  to  excitons  of a  second   type 

in  the  cuprous  oxide  crystal. 
In  the present  paper we describe 

further  investigations  of the  absorp- 
tion  spectrum  in  cuprous oxide  at  the 

temperature  of  liquid helium.   The  dis- 
persion of the  apparatus used was  ap- 

proximately  7 A/mm   in  the  region  of 

the spectrum around X =  5800 A,   three 
times  greater  than  that  of  the  spec- 
trograph used  earlier. 

Upon cooling the cuprous  oxide 

crystal   to  the   temperature  of  liquid 
helium we observed   the   following phe- 

nomena   in  the  region of the   first hydrogenlike   series.   When  the  temperature 
was  lowered   ...   4.2°K,   the width of the  absorption   lines  of the   fir^t series 
decreased,   and  the absorption  lines  became  considerably narrower  than  at  the 

temperature  of   liquid nitrogen   (77.3°K).   The entire  series  of  lines  was   fur- 
ther displaced  toward  the  shortwave part  of  the  spectrum. 

Table I shows; the wavelengths of the absorption lines of the first series 
at the temperature 4.2°K and 77.3°K. (In Table I of reference 2 an error oc- 
curred in converting wave numbers into electron volts; it has been corrected 
in Table  I  of the  present paper.) 

The  wave numbers  of the  absorption   lines  of  the  first  series  at  the  tem- 
perature  of  liquid helium are   in  good agreement with  the  series   law of hy- 

drogenlike  atomS: 

v* = v. - ~ = 17508 - 7•;    k « 2, 3, 4,. .. 

This  translation was  prepared   for   the National  Science  Foundation  by  the Russian 
Science Translation-Dictionary Proiect,   Columbia  University.   It has  been  reproduced 
direct  from copy  as  submitted  to the Technical   Information Service,   United States 
Atomic Energy Commission. 

Printed  in  USA,   Price   10 Cents.  Available   from the  Office  of Technical  Services, 
Department  of Commerce,   Washington 25,   D.   C. 
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The values   of  the  constants Vcc and Li are   given   in   reciprocal  centimeters. 
Ihe   first   term  of the  serie:.;   [k   ~   1)   is  an  exception here,   as  at   the   tem- 

perature   of   liquid  nitrogen. 

At   the   temperature  of   liquid helium   in   the   absorption   spectrurr  of cuprous 

oxide  crystals  we   observed seven additional  weaker and   thinner aisorption 

lines,   between  the   lines  of  the   tirst   series.    The   frequencies  of  the new lines 
are  shown   in Table   II. 

Table 
sorption 

II.   Position   of   the  new  ab- 
lines   in Cu20 at   T =  4.2°K. 

Table   III. 
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Energy 
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bers  Vjfc 
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1 5762,5 2,1508 17:',;,:;, 5 
2 575K.0 2,1525 17367,1 
,',< 5751,5 2,1540 17386,7 
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Thus,   at   the  temperature   of 4.2°K the  absorption  spectrum of Cu20 repre- 
sents a  complex system  of overlapping groups   of narrow   i:r,es.   It  may  be  sup 

posed  that,   in addition   to  the  seven   lines   that we  observed,   there  are  stil 

other absorption   lines,   on which  are  superimposed  broader  and more   intense 
terms  of  the   first  exciton  series, pre- 
venting  observation  of  these   lines. 
Graphs a and  6  in  Fig.   1 show  the  rel- 
ative  position of the new   lines we ob- 

served and of  the   lines   of   the   first 
series. 

Fig.   2  gives  photographs  of  the  terms 
of  the   first  series,   between which  the 

weaker  lines  observed at 4.2°K are vis- 
ible.   The new  lines have different ab- 
sorption   coefficients   and   therefore 

cannot  be  brought  out  with  sufficient 
distinctness   simultaneously   on   the  same 

spectrogram.   Fig.   2  therefore  shows 
three   spectrograms,   a,   b,   and  c,   made 

with different ey ,osures   in  order   to 
bring  out   the  ne     lines:   20 en in,   5 mm, 
and   5 sec,   respectively.   The  new   lin--:- 

are   indicated by marks   in Fig.   2. 

The  characteristic   intensity  dis- 
tribution of the   terms  of  the   first 
series   is noticeable  and   is  especially  ma-r^d   in  the  term k   =  2  in  the pho- 
tograph  in  Fig.   2 c,   which was made with  the  shortest exposure.  Here   it  is 
plainly visible   that  the   light absorption   is  distributed very  asymmetrically 
about  the   line:   decreasing gradually  on  the   longwave side,   absorption breaks 

off sharply  on  the  shortwave  side. 
Among  the new  lines  a  group of three   lines  may be  separated  out:   X= 

"5751.5 A,   5731.5 A,   5724.4 A,  whose wave numbers,   as Table  III  shows,   are 
in  good  agreement with  the series  law of hydr?genlike atoms: 
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Fig.   i.   o,   relative   position   of 
terms   of   first  exciton  series   (broad 
lines)   '*n<!   of   the  new   lines   in   the 
.-':••:•-'p..„c>n   spectrum of cuprous   oxide 
ory.it* •     ti T =  4.2°K;   6,   series  dis- 
tribution  of   the new absorption   lines 
\n CuoO at  T = 4.2°K.   The  dashed   lines 
<»how  hypothetical   lines. 
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IV 
~ 1-74% 438, i 

'  ic*7 A-=2, 3, 4. 

The  values  of the  constants  vi- and Zi'   are  given   in  reciprocal centin.^ters. 
It  we  assume   the  existence  of  the  two  lines  A  :"   5726.3 A,   .5729.0 A   (shown 

in  Fig.   1   6  by  the  dashed   lines)   which almost  coincide  with   the   fourth  term 
of  the   first  exciton  series   (A   =   5727.4 A)  and  therefore  cannot  be  observed 
in  the  spectrogram,   then we  can separate  out  two more  groups   of   lines:   A  = 
S758.0 A.   5734.5" A,   5726.3 A;   and A =   S762.5 A,   57T7.0 A.   5729.0 A.  These 
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Fig.   2     Spectrograms  oi   the  absorption  of  light   in  cuprous   oxide 
crystals  Bt   temperature  of   liquid  helium  (4.2°K)   in   the   region  of 
the   firs"   exciton  series,   made  with  three  different  exposures. 

two  groups  also are   in agreement with  the hydrogenlike  series   law having 
wave numbers   of  the  series   limits  v" =   17.495.2  and Voc"=   17,493.1.   and  the 
constants B" =  512 and H'"   -  560. 

All   four  series  approach  the  same   limit  since,   within experimental error, 
the  values  of Voc,   V^.   V<£.   and vi"   coincide. 

In  addition  to  the  seven new   lines  described,   which are  superimposed  on 
the   terms   of  the   first  series,   at  '[ - 4.2°K we  found another new   limit  of 
continuous  absorption   (a   gradation)   at X =   5841 A  (2.1219  ev),   and  still 
another very weak  line  in  this gradation,   A =  5817 A  (2.1306 ev).  We assume 
that  this   line   is   the   first  term   (k   -   1)   of  the  second hydrogenlike  series. 

The   fine  structure  of  the   fi~st exciton  series which  we  observed  shows 
that  the  absorption  spectrum of cuprans  oxide  crystals has  a  very  complex 
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clw ractfr.   At   the  present   time   it   is  very difficult   to  give  a  reliable   in- 
terpretation  of the  new   lines.   We  may   indicate here  only  some  possible  causes 
for  the  appearance  of  these   lines: 

(1) Splitting  of  the  exciton   levels  according   to   the   theory   of  Davydov.'' 
(2) Structure  of   lines   in  the exciton  spectrum produced  by causes  of  the 

same   kind which  produce   the  appearance  of  the   fine   structure  of  lines   in  the 
hydrogen spectrum. 

C>)  Excitons  associated  with  the  presence   of   impurity atoms   and  ions   in 
the GJ20  lattice. 

We.   F.   Gross  and N.   A.   Karryev,   Doklady Akad    Nauk SSSR,   84.   261   (1952). 
2Ye.   F.   Gross  and N.  A.   Karryev,   Doklady Akad.   Nauk SSSR,   84,   471   09 52). 
•'Ye.   F.   '-  oss  and  B.   P.   Zakharcheny*,   Doklady Akad.   Nauk SSSR,   90,    .45-48  (1953) 

[translated   in   the   present  series  as  NSF-tr-122j . 
A.   S.   Davydov,   Teoria po&loshchema   ivtlo  v  moltkulyarnykh kristxllkh   [Theory 

of Absorption  of  Light   in  Molecular Crystals]   (Kiev,    1951). 
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